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Abstract 

This research investigated developmental shifts in the character of children’s tool 
using activity in the domain of scale drawing. Fifty five children from three grade levels 
(grades 3, 5, and 7) were individually interviewed as they participated in both enlarging and 
reducing a one-dimensional object, the letter “F”, to a scale of four. Children participated in 
the enlarging/reducing activity under three different tool conditions; once using a ruler, once 
using graph paper, and once using a moveable replica of the letter F. Three principal features 
of children’s activities were the focus of analysis: the accuracy of children’s constructions, 
the ways children incorporated the tool into their problem solving, and children’s scale-linked 
understandings. Statistical analyses revealed that children’s accuracy, their tool using activity 
and their scale understandings shifted with age, and these shifts interacted with the difficulty 
of the scale task (enlarging vs. reducing the F) and tool condition (replica vs. graph paper vs. 
ruler). Results support Vygotsky’s work on tool use illustrating the development of sign 
operations, but his analysis is extended to incorporate children’s conceptual understandings in 
the development process. 
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Introduction 

This research is part of a larger study (Sloan, 1996) that investigated developmental 
shifts in children's use of manipulatives ("tools") in mathematical problem solving. There are 
both conceptual and applied reasons for studying tool use. From a conceptual standpoint, tools 
are of central concern in Vygotsky's (1978; 1986) treatment of cognitive development and in 
recent sociocultural accounts of cognitive development (see e.g., Cobb, April, 1993; Cole & 
Cole, 1989; Greenfield, 1995; Lave, 1988; Pea, 1993; Rogoff, 1990; Rogoff & Lave, 1984; 
Saxe, 1991; Wertsch, 1991). A focus of these treatments is on developmental shifts in the 
character of children's tool using activities and how the appropriation of a tool leads to a 
reorganization of the child's problem solving activity. Rarely do researchers offer systematic, 
empirical analyses of developmental shifts in children's tool using activity or the way variation 
in tools leads to differentiation in the character of children's problem solving within a particular 
subject matter domain. 

From an applied standpoint, children's use of tools is central to recent mathematics 
education reform ideas (see e.g., California State Board of Education, 1992; National Council 
of Teachers of Mathematics, 1991). Empirical contributions to the analysis of tool use can too 
inform current approaches to classroom based assessment and instruction. As a domain for 
study, I focus on children's construction of scale drawings, specifically enlarging and reducing 
objects to scale. The domain of scale is used because as a complex measurement domain it 
provides a context in which tool use is virtually essential. Further, in the context of ongoing 
educational reforms, measurement is increasingly a curricular focus. 

In the sections below, I discuss tool use in Vygotsky’s general treatment of cognitive 
development, extending his treatment to an analysis of scale-linked mathematical 
understandings implicated in children’s problem solving in scale drawing. Examples of 
children’s problem solving in pilot work guides this analysis. I conclude the introduction with 
a discussion of how three different tools used in the piloted scale drawing problem-a ruler, 
graph paper, and a moveable replica of the scaling object— can differentially affect problem 
solving and interact differently with children’s developing understandings of scale in their 
problem solving performances. 

Conceptual Formulation of Tool Use and Cognitive Development 

As part of his general treatment of cognitive development, Vygotsky (1978, 1986) 
argued that in infancy individuals’ activities are initially controlled by the environment (e.g., 
direct stimulus-response reactions in infants), but over development eventually become 
controlled by the individual. He proposed that individuals gain control over their environment 
by appropriating sociocultural artifacts and supports— sign forms, social interactions, scientific 
concepts, tools— in order to mediate these interactions with the environment (Saxe, 1991). The 
use of signs and tools leads humans to a specific structure of behavior that moves away from 
biological development and creates new forms of a culturally-based psychological process 
(Vygotsky, 1978). 

Sign Operations 

One of Vygotsky's ( 1978) analyses of sign using or tool using activities involves sign 
form use in the emergence of mediated or voluntary memory. In experiments conducted by A. 
N. Leontiev, individuals (pre-school children, school-age children, and adults) were first asked 
to answer a variety of questions, some requiring a color for an answer, others not. For 
instance questions were "what color is your shirt?", "have you a playmate?", and "what color is 
a lemon?" (Vygotsky, 1978, p. 41). In a second run through the questions, the individuals 
were told they could not use the same color name twice and there were two forbidden colors 
that they were not allowed to use at all. In a third run through the questions, individuals were 
given nine color cards to use as aids. 

The experiment revealed that whereas pre-school children performed better without than 
with cards, school-aged children performed better with cards, and adults performed equally as 
well with or without cards. In addition, adults performed better overall than all the children. 
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Vygotsky ( 1978) interpreted these results to indicate that there are three basic stages ot 
mediated remembering. First at the pre-school age the child is incapable of mastering his or her 
behavior by organizing the external stimuli or tool. The cards do not serve any instrumental 
function. At the second stage, there is a marked improvement in performance with the 
introduction of the cards; the external tool predominates-a psychological instrument acting 
from the outside. At the third stage (among adults) behavior is still mediated but the external 
tool is emancipated from primary external forms. "What takes place is what we have called 
internalization; the external sign that school children require has been transformed into an 
internal sign produced by the adult as a means of remembering" (p.45). 

Critique of Tool Use Literature 

Vygotsky's analyses of tool use in the mediation of memory offer a framework for 
understanding general developmental shifts in tool use in problem solving activity. However, 
his framework does not consider an individual’s developing understandings in the problem 
solving domain. I, like others (e.g., Cobb, April 1993, 1994; Cole & Griffin, 1993; Pea, 

1993; Piaget in Ginsburg & Opper, 1988; Saxe, 1991; Smagorinsky, 1995) argue that shifts in 
tool use cannot be isolated from shifts in understandings in the task domain. This is especially 
evident in more complex domains such as mathematics, where potentially many higher order 
understandings are involved and incorporated in children's organization of their tool using 
activity. 

Developmental Shifts in Children's Understandings of Scale 

Scale, as it is conceptualized in this research, is "the proportion which the 
representation of an object bears to the object itself; a system of representing or reproducing 
objects in a smaller or larger size proportionately in every part" (Oxford English Dictionary, 
1989, p. 561). The activity of scaling that is of interest to this research is that which an 
engineer, architect or topographer might be involved in, namely enlarging and reducing objects 
to a quantifiable scale. 

To date, empirical research in children's understandings of scale is not vast and only a 
few of its functions have been explored. For instance, Carraher (1986) compared school 
children's and construction foremen's abilities to find scales of blueprint drawings; DeLoache 
(1991a, 1991b) studied children's understandings of a scale model; Goldenberg (1988a, 

1988b) analyzed children's understandings of scale issues related to graphing mathematical 
functions; and Millroy (1992), as part of an ethnographic study, describes scaling strategies of 
South African carpenters. The existing work is not very informative for an analysis of 
developmental shifts in children's concepts of scale. In fact, to create a preliminary analysis of 
children's developing understandings of scale drawings, I found more useful empirical work in 
the scale-linked understandings of proportions/ratios and fractions— concepts that are central to 
problem solving in scaled enlargements and reductions. In addition, I used pilot work data in 
which children enlarged and reduced three different objects (a toothpick, the letter “L”, a 
rectangular “battery”) with a choice of three different tools (a ruler, graph paper, and a replica 
of the scaling object) to a scale of 4 (see Sloan, 1996 for discussion of pilot work). 

Probably the most integral sub-concept of scale, and that which is central to problem 
solving in both scaled enlargements and reductions is proportional reasoning and concepts of 
ratio (Behr, Harel, & Post, 1992; Carraher, 1986; Carpenter, Fennema, & Romberg, 1993; 
Hart, 1988; Karplus, Pulos, & Stage, 1983; Lamon, 1990, 1993; 1994; Lesh, Post, & Behr, 
1988; Noelting, 1980a, 1980b; Toumiaire & Pulos, 1985; Guershon & Confrey, 1994). In 
Table 1, 1 present a developmental analysis of scale-linked understandings, developed through 
analysis of existent research reports and my own pilot observations. To summarize Table 1, 
children’s scale-linked understandings shift from qualitative, to quantitative additive, to 
multiplicative in nature. These understandings are relevant to both enlargements and reductions. 

In drawing scaled reductions, children are involved with a meaning of fractions as a 
“part of a whole”, or as the result of partitioning an object of continuous quantity (linear or 
area) into parts (for fractions meanings see Behr, Lesh , Post, & Silver, 1983; Kieren, 1975; 
Nesher, 1985; Ohlsson, 1988). Within the partitioning work, researchers developed schemes 
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